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generation and propagation of electromagnetic 
waves. There are two chapters which are num¬ 
bered ix. and x. in continuation of the chapters 
of the earlier volumes. The sections are also 
numbered in continuation of the sections of vols. 
i. and ii. The fifty-three sections which con¬ 
stitute chapter ix. were published originally in 
the Electrician during 1900 and 1901, and are 
grouped under the title of “Waves from Moving 
Sources.” Largely by synthetic methods the 
author constructs the solutions of various cases, 
discussing in his own way the fundamental ques¬ 
tion of the connection between matter and aether. 
Some interesting remarks are made concerning 
the investigations of Larmor and Lorentz. The 
later sections deal with spherical pulses started 
by a “jerked electron.” 

Chapter x. with its forty-one sections occupies 
about three-quarters of the whole book. It is 
called “Waves in Ether.” The first seven sections, 
reprinted from the Electrician (1902) form a group 
of connected discussions in which a deformable 
aether is assumed along with a constant velocity 
of radiation through it. The assumptions are 
found to be compatible if the inductivity and per¬ 
mittivity of the aether vary as the density. The 
remaining sections, some of which appeared 
originally in Nature, are more of the character of 
isolated articles, bearing either directly upon 
electromagnetic theory or upon mathematical 
and physical problems suggested by its develop¬ 
ment. For example, there is a long article on 
the solution of definite integrals by differential 
transformation, and one nearly as long on the 
inversion of operations. Still longer is section 
534, on the theory of an electric charge in variable 
motion, probably one of the most important in 
the whole book. Here, as elsewhere, Dr. Heavi¬ 
side strongly affirms the truth of Newton’s Third 
Law of Motion, “an impregnable fundamental 
principle whose neglect sometimes leads to alarm¬ 
ing consequences.” Why, he asks at the very 
end of the volume, is this principle to be taken as 
fundamental? “Because it is always true when 
proper examination can be made, and is the guide 
to fresh knowledge. Besides that, the untruth of 
the principle in practice would lead to chaos.” 

Dr. Heaviside is also a firm believer in the 
existence of the sether. “Through this ether all 
known disturbances are conveyed electromag- 
netically or gravitationally. If the first way, the 
speed is finite. If the second, way, it may also 
be finite, perhaps with the same velocity. . . . 
As the universe is boundless one way, towards the 
great, so it is equally boundless the other way, 
towards the small; and important events may 
arise from what is going on in the inside of 
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atoms, and again, in the inside of electrons. 
There is no energetic difficulty. Large amounts 
of energy may be very condensed by reason of 
great forces at small distances. How the elec¬ 
trons are made has not yet been discovered. 
From the atom to the electron is a great step, 
but is not finality.” 

To the elucidation of the deep problems in¬ 
volved in this confession of scientific faith, Dr. 
Heaviside has made great and lasting contribu¬ 
tions. The strenuously minded student will find 
him a stimulating guide through the intricacies 
of the electromagnetic equations. The book is 
with great fitness dedicated to the memory of 
George Francis Fitzgerald. C. G. K. 


THE ASCENT OF SAP IN PLANTS. 
Transpiration and the Ascent of Sap in Plants. 

(Macmillan’s Science Monographs.) By Dr. 

Henry H. Dixon. Pp. viii + 216. (London: 

Macmillan and Co., Ltd., 1914.) Price 5,5-. net. 
ROF. DIXON first became known as an 
investigator of the problem of the ascent of 
water in plants by his work in collaboration with 
Dr. Joly published in the Proceedings of the Royal 
Society, 1894, and in the Philosophical Transac¬ 
tions, 1895, and from that time forward he has 
with admirable patience and efficiency continued to 
work at this difficult question. The appreciation of 
his position as an authority in this department is 
shown by his having been most appropriately 
chosen as a contributor to the “ Progressus Rei 
Botanicas,” and finally as a writer in the present 
series of science monographs. 

When a second edition is called for, it is to be 
hoped that Dr. Dixon will see his way to giving 
the references to literature as footnotes instead of 
at the end of the chapters, an arrangement that 
seems to us to have no practical advantages. The 
only other criticism of a general kind that we have 
to offer is on the relative space given to the two 
main divisions of the subject. There is but one 
chapter on the “nature of transpiration,” while the 
remainder, consisting of about 200 pages, deals 
with the ascent of sap. But there is so much to 
be said on the latter subject that the author may 
well feel justified in his comparatively brief treat¬ 
ment of transpiration. There are many interesting 
points in chapter i., e.g., the discussion on trans¬ 
piration considered as a form of secretion, and the 
allied question of transpiration in air saturated 
with moistures. 

Prof. Dixon does not, w'e think, quite realise 
the danger of assuming that the stomata are 
thrown out of action as far as transpiration is 
concerned by dull light or darkness. But inas- 
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much as his interesting - experiments on transpira¬ 
tion in oxygen, air, C 0 2 , ether, and chloroform 
give values differing inter se in practically the 
same way as the evaporation of a surface of water 
under like conditions, it must be allowed that there 
is here no error of the above-mentioned kind. 

The second chapter is devoted to the discussion 
of those hypotheses of the ascent of water in trees 
which depend on the co-operation of living cells 
in the water-way, views that may be said to 
begin with Godlewski’s theory (1884), which was 
followed by the cognate hypotheses of Wester- 
maier, Janse, and others. The whole chapter is 
good reading, but the most interesting part is the 
description of Dixon’s experiments bearing on the 
effect of killing the sections of the water-way by 
heat. In this way it has been shown by Janse 
and Ursprung that the transpiration current is 
checked and that the leaves above the heated 
region wither. This fact was used as an argument 
for the “vital” theories of the ascent of water. 
But Dr. Dixon show's clearly that by heat, poison¬ 
ous substances are developed, and that withering 
occurring above the injured region may undoubt¬ 
edly be produced by this cause, and therefore that 
the argument for vital theories loses its validity. 

With chapter iv. begins the kernel of the book, 
namely, the re-statement of the cohesion theory of 
the ascent of water. The most interesting features 
of this section are the discussions on the effect of 
air bubbles in the water conduits, and the evi¬ 
dence in favour of cohesion theory which is derived 
from a general discussion on the structure of 
wood. 

This is followed in the next chapter by a discus¬ 
sion of the purely physical problem of cohesion. 
He confirms and extends Berthelot’s estimation of 
the tensile strength of water containing air, a 
point of great value. He also works out the 
tensile strength of sap—a necessary precaution— 
and records the astonishing tensions of about 132 
and 207 atmosphere. The sap used in these ex¬ 
periments wms ingeniously obtained by centri¬ 
fuging, a method likely to be useful in other 
botanical researches. 

Having shown how great is the cohesion of the 
water columns, Dr. Dixon goes on to the other 
half of the problem—the resistance offered by 
W'ood to the passage of sap. He makes it prob¬ 
able that Ewart’s estimate of this element in the 
problem is much too high, and points out (p. 132) 
“that if Ewart had obtained my results, the diffi¬ 
culty of resistance, which he finds to be fatal to 
the cohesion theory of the ascent of sap, would 
not have presented itself to him.” 

The rest of the book is mainly devoted to the 
question whether the leaves can develop traction 
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sufficient for raising the sap, a force which he 
says (p. 139) “ must at least be equal to the pres¬ 
sure produced at the base of a column of water 
which is twice the height of the transpiring tree.” 
The problem in fact comes to be whether the 
osmotic pressure in the cells of the leaves is suffi¬ 
ciently great to account for the raising of water 
in very tall trees. One method employed was to 
expose leaves to compressed air in a closed vessel; 
in this way it was shown pressures of 26—38 atmo¬ 
spheres must exist in the leaves. Finally he pro¬ 
ceeded to ascertain the osmotic pressure in the 
leaves by determining the freezing point of the 
cell sap. This was effected by employing a 
thermocouple in place of the thermometer used in 
Beckman’s method of cryoscopy. In this way 
Dixon is able to determine the freezing point of 
small quantities of fluid—a practical point of con¬ 
siderable importance. The osmotic pressure in the 
leaves deduced by this method are finally shown 
to be more than sufficient to account for the ascent 
of water. F. D. 


THE SCHUMANN REGION OF THE 
SPECTRUM. 

'The Spectroscopy of the Extreme Ultra-Violet. 

By Dr. T. Lyman. Monographs on Physics. 

Pp. v+135. (London: Longmans, Green and 

Co., 1914.) Price 5.?. net. 

HE remote ultra-violet part of the spectrum, 
first investigated by Victor Schumann and 
since known as the “Schumann region,” has in 
recent years become of distinct importance in 
several directions. A knowledge of the vibrations 
of short wave-lengths is indispensable in the study 
of spectral series in relation to theories of emission 
spectra, and it has further been found that photo¬ 
electric, photo-chemical, and photo-abiotic pro¬ 
cesses become much more pronounced in this 
region. I11 the present monograph full accounts 
of the methods and results of observations are 
given in an interesting and convenient form by 
Prof. Lyman, who was among the first to take up 
and extend the work of Schumann. The first part 
of the book, referring to the ordinary ultra-violet 
spectrum included between wave-lengths 4000 and 
2000, is a valuable introduction to the larger 
second part in which the Schumann region is dealt 
with. 

As is now well known, the opacity of air, glass, 
and quartz to the Schumann rays renders it neces¬ 
sary that the entire spectrograph and source of light 
should be enclosed in a vacuum, and that special 
materials should be used for the construction of 
lenses and prisms; specially prepared photo¬ 
graphic plates are also necessary. Schumann’s 
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